The study compared sevoflurane or propofol as anaesthesia supplements to remifentanil infusion and topical local anaesthesia for insertion of a rigid bronchoscope for bronchial foreign body removal in children aged one to three years.
Bronchial foreign body removal is a common emergency procedure in children, with most centres using rigid bronchoscopy with good results 1 . Anaesthetic management can be challenging, with significant risk, as the airway is shared with the surgeon and adequate ventilation must be maintained despite airway manipulation. Anaesthesia must prevent patient movement and adverse airway reflexes. We prefer to maintain spontaneous ventilation 2 .
It is common practice to use opioids for tracheal intubation because they can improve intubating conditions and prevent haemodynamic changes during intubation. Remifentanil is a synthetic opioid with ultra-short effect which can produce good intubating conditions in children 3, 4 . Bronchoscope insertion produces a stimulus similar to, but greater than tracheal intubation. On this basis, it is reasonable to predict that opioids will facilitate rigid bronchoscopy.
Sevoflurane and propofol provide rapid induction of anaesthesia and obtund airway reflexes 5, 6 . Both these agents are used for rigid bronchoscopy in children. The aim of the current study was to evaluate the anaesthesia effects, changes in haemodynamic variables and complications, including occurrence of adverse airway reflexes, during bronchial foreign body removal using rigid bronchoscopy in children, aged one to three years, anaesthetised with remifentanil infusion supplemented with sevoflurane or propofol.
METHODS

Subjects
After hospital ethics committee approval and written informed parental consent, from November 2006 to March 2008, 70 paediatric patients aged one to three years, who had a definitive history of foreign body aspiration within the week prior to undergoing bronchial foreign body removal by rigid bronchoscopy, were recruited into the study. Exclusion criteria included clinical evidence of cardiopulmonary disease, cerebral dysfunction, hepatic or renal dysfunction or neuromuscular disease. Children with previous anaesthesia experience, a known history of allergy to any drugs or positive family history of malignant hyperthermia were also excluded. All children included in the study had no significant fever (temperature below 38°C) or hypoxia (SpO 2 above 95%) on breathing room air preoperatively.
Anaesthetic management and surgical procedure
All children had topical local anaesthetic cream (EmLA, AstraZeneca) applied to the skin of the dorsum of the hand one hour before induction of anaesthesia and received oral premedication with midazolam 0.3 mg.kg -1 20 minutes before induction of anaesthesia. Intravenous access was established with a 24 gauge cannula and 5% glucose solution was infused at a rate of 4 ml.kg -1 .hour -1 after entering the operating theatre and stopped after the procedure. Routine monitoring included electrocardiography, noninvasive blood pressure and pulse oximetry. Using a computer-generated sequence of numbers, children were randomly allocated to receive sevoflurane or propofol before bronchoscope insertion, in addition to the remifentanil infusion.
The study period commenced at the beginning of induction and concluded 10 minutes after insertion of the bronchoscope. Induction time for all patients was set at a fixed duration of five minutes. Oxygen at 4 l.minute -1 was delivered by facemask with a paediatric anaesthetic circuit. In all children, remifentanil was infused at a rate of 0.2 μg.kg -1 .minute -1 from the beginning of induction until the end of the surgical procedure. in the sevoflurane group, 5% sevoflurane in oxygen was inhaled via a facemask for five minutes without prefilling the anaesthetic circuit. in the propofol group, a bolus of 2.5 mg.kg -1 propofol was administered over 30 seconds at four minutes after starting the remifentanil infusion. All children were breathing spontaneously during the study.
After topical local anaesthesia with 2% lignocaine on the pharyngeal and laryngeal mucosa with a sprayer, the rigid bronchoscope was inserted within two minutes of the end of induction. Oxygen was administered through a lateral aperture on the rigid bronchoscope. Poor jaw relaxation or consistently closed vocal cords were regarded as a failure of the technique. Manually assisted ventilation was used to maintain pulse oximetry (SpO 2 ) above 95%. Ten minutes after insertion of the bronchoscope (i.e. after the study period had concluded), a bolus of 1 mg.kg -1 propofol was administered to maintain anaesthesia for the procedure.
Clinical assessment
Assessment of the incidence of cough on the insertion of bronchoscope was made by an anaesthetist blinded to the group allocation. Systolic blood pressure (SBP), heart rate (HR) and SpO 2 were recorded on arrival at the operation theatre as baseline. Additional datasets of SBP and HR were recorded prior to insertion, on insertion of the bronchoscope and one, three, five, seven and ten minutes after inserting the bronchoscope. The incidence of apnoea during the study period was also recorded.
A subjective surgical assessment score of satisfaction with anaesthesia was given by the surgeon performing the procedure, who was blinded to the study drug. The score was based on a visual analogue scale ranging from zero to 10, in which zero is described as totally dissatisfied and 10 as totally satisfied with anaesthesia. For purposes of analysis, a score above five was considered as satisfactory anaesthesia, with five or less deemed unsatisfactory. Duration of the procedure (from bronchoscope insertion to removal) and time to emergence (from the end of procedure to arousal) were recorded. Procedures lasting longer than 25 minutes were excluded.
Statistical analysis
The sample size was calculated based on a preliminary study to detect a difference of 30% in the incidence of cough between the two groups. For an α error of 0.05 and β error of 0.20, a minimum group sample size of 30 was needed.
All values are expressed as mean ± standard deviation, median (interquartile range) or number of patients. Demographic and procedural data were analysed for normal distribution by the Shapiro-Wilk test and were compared with Student's t-test. The incidence of cough and apnoea were analysed with Fisher's exact test. For haemodynamic variables, groups were compared using multivariate analysis of variance for repeated measures (mean analysis of variance with anaesthesia group and time as betweenand within-group factors). Surgical visual analogue scores (VAS) for satisfaction with anaesthesia were compared with Student's t-test. All statistical analysis was performed using SPSS for Windows, version 16.0 (SPSS inc., Chicago, iL, USA). A P value less than 0.05 was considered statistically significant.
RESULTS
Data from 65 patients were analysed: 33 in the sevoflurane group and 32 in the propofol group. Five patients of the 70 were excluded from analysis. Two patients from the sevoflurane group would not accept the facemask. in the propofol group, one patient developed laryngospasm, necessitating change of the anaesthetic technique, one patient was excluded because of protocol violation (prolonged surgical procedure over 25 minutes) and another patient was excluded as no foreign body was found. Patient characteristics were similar between groups with predominance of male subjects in both groups ( Table 1) .
All of the 65 patients reached a clinical endpoint of excellent jaw relaxation and no patient had consistently closed vocal cords when insertion of the bronchoscope was attempted. Successful bronchoscope insertion at first attempt was achieved in all patients. Cough was recorded in 5/33 children in the sevoflurane group compared to 10/32 children in the propofol group. In 20 patients (nearly one-third of all patients), apnoea was observed within two minutes of insertion of the bronchoscope. The incidence of apnoea was similar between groups. Apnoea lasted no longer than 15 seconds in all cases and no bradycardia was noticed ( Table 2 ). After spontaneous ventilation was re-established, no further episode of apnoea was observed. Thirteen patients re-established spontaneous ventilation without an obvious drop in SpO 2 , making manual assisted ventilation unecessary. Four children in the sevoflurane group and three in the propofol group experienced desaturation to less than 95% but returned to 95% quickly after manual assisted ventilation.
For intergroup comparison, no significant differences were detected in the baseline value of SBP and HR. There were no significant differences between groups in SBP and HR at any time point after induction of anaesthesia. Compared to baseline values, induction of anaesthesia caused a significant decrease in SBP and HR in both groups. During insertion of the rigid bronchoscope, both SBP and Values are mean ± SD, mean (25th, 75th percentiles) and number of patients. No significant differences were found between groups. m=male, F=female. Values are number of patients. * P <0.05 vs sevoflurane group. HR values increased significantly in both groups compared to both the anaesthetised and baseline values. One minute after insertion, SBP and HR decreased to levels not significantly different from baseline in any group (Figures 1 and 2) .
Duration of procedure and time to emergence were similar between groups. The two surgeons provided the VAS scores for surgical satisfaction with anaesthesia. No significant differences were detected between groups (Table 3) .
DiSCUSSiON
This prospective, randomised study showed that remifentanil infusion supplemented with either sevoflurane or propofol provided satisfactory conditions for bronchial foreign body removal under rigid bronchoscopy in children aged one to three years. The incidence of cough on insertion of the rigid bronchoscope was lower when sevoflurane was used, while the incidence of apnoea was similar. The two anaesthetic techniques used in the study resulted in similar changes in haemodynamic variables.
Complications of bronchial foreign bodies are related to duration of presence of the foreign body 7 . In this study, all children had their bronchoscopy within a week of aspiration. Our usual preference for anaesthesia for removal of bronchial foreign body is to maintain spontaneous ventilation where possible for fear of moving the foreign body further distally into the bronchial tree if positive-pressure ventilation is used.
The present study was designed to investigate the anaesthesia effect of remifentanil infusion supplemented with modest doses of general anaesthetic agents for insertion of the rigid bronchoscope during bronchial foreign body removal in children. In both groups, remifentanil was infused at a rate of 0.2 μg.kg -1 .minute -1 within the dose range of 0.1 to 0.5 μg.kg -1 .minute -1 recommended by Minto et al 8 . The induction time was set at five minutes to allow a similar plasma Values are presented as mean ± SD.
concentration of remifentanil to be achieved in both groups. midazolam as premedication and topical local anaesthesia would be expected to contribute to the quality of anaesthesia conditions during bronchoscope insertion. Systolic blood pressure and HR decreased after induction. Previous studies have shown that during inhalational induction with sevoflurane, HR and SBP may remain almost unchanged 9 , or may even increase 10 . We assume that the remifentanil infusion caused the decreases noted in SBP and HR after induction. The potent stimulus of inserting the bronchoscope induced significant and similar increases in SBP and HR in both groups. SBP and HR decreased to the baseline level one minute after bronchoscope insertion and remained stable in both groups. These haemodynamic changes were moderate in both groups and returned to baseline quickly.
All of the children reached a clinical endpoint of excellent jaw relaxation and successful insertion of bronchoscope was achieved at the first attempt. The VAS scores for satisfaction with anaesthesia given by surgeons were above five and similar in both groups. This suggested that remifentanil infusion, with topical airway anaesthesia and midazolam premedication supplemented briefly with either sevoflurane or propofol for insertion of the bronchoscope, provided adequate anaesthesia conditions for bronchial foreign body removal for brief procedures. Longer procedures may need further supplements of anaesthesia agents.
The total incidence of cough on inserting the bronchoscope was 23.1% in all children. This indicated that remifentanil infusion with modest doses of general anaesthesia agents had successfully facilitated bronchoscope insertion. However, the incidence of cough on airway instrumentation was lower with use of sevoflurane-remifentanil than propofol-remifentanil in the present study. This agrees with a previous study which showed that cough following stimulation occurred more frequently in children anaesthetised with propofol 11 . This may be due to the muscle relaxation produced by sevoflurane in children 12 . Almost one-third of the children experienced apnoea with similar incidence in the two groups. Apnoea can be due to an airway reflex under light anaesthesia or marked respiratory depression under deep anaesthesia. In our study, apnoea was more likely to be due to an airway reflex during light anaesthesia because of the relatively small doses of general anaesthesia used.
Lack of an objective monitor for anaesthesia depth was a deficiency of our study. This made it difficult to assess whether our protocols for propofol and sevoflurane were equipotent in terms of anaesthesia depth. Bispectral index for anaesthetic depth monitoring was derived from prospectively collected electroencephalography in adults 13, 14 .
The role of bispectral index in young children is controversial and less comprehensively evaluated than in adults 15, 16 . To help assess the practical adequacy of the anaesthesia techniques, we have included a subjective scoring system using a VAS for the surgeon to record satisfaction with the anaesthesia conditions. Although not a robust validated tool, we were reassured that both techniques appeared to provide satisfactory operating conditions.
The dose regimens we studied were based on the literature and our clinical practice. Further study may elucidate improved dosing protocols for the drugs studied. These studies could focus on finding the optimum dose and delivery system (such as propofol infusion) to produce adequate anaesthesia with the least incidence of adverse airway reflexes while preserving spontaneous respiration. Other changes in technique, such as applying local anaesthesia to the tracheobronchial tree as well as the glottis and supraglottic structures, could also help in preventing adverse airway reflexes.
In conclusion, the use of a remifentanil infusion following midazolam premedication and topical airway anaesthesia allowed successful use of modest amounts of general anaesthesia agents (sevoflurane or propofol) to facilitate successful insertion of a rigid bronchoscope for foreign body removal. Cough occurred less often on insertion of bronchoscope with the use of sevoflurane-remifentanil compared with propofol-remifentanil.
